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Description 



LOWPASS FILTER FORMED IN 
MULTI-LAYER CERAMIC 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a multi-layer ceramic 

lowpass filter particularly for use in a wireless communi- 
cation terminal such as a portable phone or RF module. 

[0003] 2. Description of the Prior Art 

[0004] The trends of wireless communication terminal are power 
saving and miniaturization. To correspond to those 
trends, a miniaturized lowpass filter with high perfor- 
mance is required. 

[0005] pig. 1 is a conventional lowpass filter 8, with its equivalent 
circuit shown in Fig. 2. The filter 8 comprises an inductor 
4 and two capacitors 3, 5. The drawback of this filter 8 is 
that the capacitors 3, 5 in this filter 8 usually have a large 
value, especially for low frequency applications. As a re- 



suit, it is impractical to implement a miniaturized lowpass 
filter by adopting this type of configuration. 
[0006] pig. 3 is another conventional lowpass filter 10, with its 

equivalent circuit shown in Fig. 4. The lowpass filter com- 
prises inductors 13, 14, 15 and capacitors 16, 17. 
Branches of a serial inductor and capacitor contribute to 
an attenuation pole, which improves spurious response in 
higher frequency range. Due to the serial inductors 13, 15 
the capacitors 16, 17 for this kind of filter 10 usually have 
much smaller value than those required in the filter 8 
shown in Fig 1. However, implementing the filter 10 in 
uniplanar form is still too large from the view of a mobile 

device. 
Summary of Invention 

[0007] it i S therefore a primary objective of the claimed invention 
to provide a miniaturized lowpass filter with very wide re- 
jection bandwidth by taking advantage of a multi-layer 
structure. 

[0008] The claimed invention filter is formed by lumped capaci- 
tors and mutually coupled coils (MCCs) in spiral form. The 
lumped capacitor is formed in a metal-insulation-metal 
(MIM) configuration. A novel stack structure of "mutually 
coupled coils" is introduced in the claimed invention. The 



merits of such stack configuration are size shrinkage and 
loss reduction by maximizing the magnetic coupling be- 
tween coils. The benefit of size shrinkage is not only for 
the cost issue but also for the fact that better stopband 
performance can be achieved due to higher geometric 

resonance. 
Brief Description of Drawings 

[0009] pig.l is a perspective view of a conventional high fre- 
quency lowpass filter. 

[0010] pig. 2 is an equivalent circuit of the conventional high fre- 
quency lowpass filter of Fig. 1. 

[001 1] pig. 3 is a perspective view of another example of a con- 
ventional high frequency lowpass filter. 

[0012] Fig. 4 is an equivalent circuit of the conventional high fre- 
quency lowpass filter of Fig.3Fig.5 is a generalized equiv- 
alent circuit of mutually coupled coils (MCCs). 

[0013] Fig. 6 is an equivalent circuit of the present invention. 

[0014] Fig. 7 is an exploded diagram of a multi-layered ceramic 

substrate that is used to form a lowpass filter according to 
the present invention. 

[0015] Fig. 8 through Fig. 10 respectively show three-dimensional 
top, perspective, and side views of the present invention 



lowpass filter implemented with LTCC technology. 
Detailed Description 

[0016] a generalized equivalent circuit of mutually coupled coils 
is shown in Fig 5. In the claimed invention, a four-port 
MCCs structure 19 is shown with n = 3, where port 2 is 
connected to port 3 and port 4 is connected to port 5. 

[0017] The present invention lowpass filter is preferably formed 
in a multi-layered ceramic substrate such as a low tem- 
perature co-fired ceramic (LTCC) substrate. Please refer to 
Fig. 6 through Fig. 10. Fig. 6 is an equivalent circuit of a 
lowpass filter 20 according to the present invention. The 
lowpass filter 20 comprises coils LI, L2, L3, capacitors CI, 
C2, and ports PI and P2. Fig. 7 is an exploded diagram of 
a multi-layered ceramic substrate that is used to form the 
lowpass filter 20. Fig. 8 through Fig. 10 respectively show 
three-dimensional top, perspective, and side views of the 
present invention lowpass filter 20 implemented with 
LTCC technology. 

[0018] | n Fig. 7, the multi-layered ceramic substrate has ten lay- 
ers, labeled layer 1 to layer 10. Layers 1-4 form MIM ca- 
pacitor CI, layers 5-7 form so called "mutually coupled 
coils" (consisting of LI, L2, and L3) and layers 7-10 form 
MIM capacitor C2. For clarity, a description of the 10 lay- 



ers of the multi-layered ceramic substrate of the lowpass 
filter 20 will be given. 

[0019] Layer 1 includes a contact node 22 and a conductive sheet 
24. Layer 2 includes contact nodes 26 and 30 and a con- 
ductive sheet 28. Layer 3 includes contact nodes 32 and 
36 and a conductive sheet 34. Layer 4 includes a contact 
node 40 and a conductive sheet 38. Contact nodes are 
used for connecting one layer of the ceramic substrate to 
another layer through vertical vias. For example, contact 
node 22 is connected to contact nodes 26 and 32. This 
serves the purpose of connecting conductive sheet 24 to 
conductive sheet 34. Notice that contact node 26 is not 
electrically connected to conductive sheet 28. Therefore, 
sheet 28 does not electrically connect to sheet 24 and 34. 
Likewise, contact node 30 is connected to contact nodes 
36 and 40, thus connecting conductive sheets 28 and 38. 
As said above, layers 1-4 form capacitor CI. Specifically, 
conductive sheets 24 and 34 form one conductor of the 
capacitor CI, and conductive sheets 28 and 38 form an- 
other conductor of the capacitor CI. 

[0020] Layer 5 contains an inductive strip 44. The inductive strip 
44 has contact nodes 42 and 46 and also contains port 
PI, which was shown in Fig. 6. Coil LI is formed between 



contact node 42 and port PI. Contact node 42 of layer 5 
connects to contact node 40 of layer 4 to connect coil LI 
to capacitor CI. Layer 6 has an inductive strip 49 with 
contact nodes 48 and 50. Contact node 46 connects to 
contact node 48 to connect layer 5 to layer 6. Layer 7 has 
an inductive strip 54 with contact nodes 52 and 56 and 
port P2. Contact node 50 connects to contact node 52 to 
connect layer 6 to layer 7. Coil L2 is formed between input 
port PI and output port P2, and coil L3 is formed between 
port P2 and contact node 56. Finally, coil L3 is connected 
to capacitor C2 at contact node 56. In the present inven- 
tion, all inductive strips 44, 49, and 54 are realized in spi- 
ral form. 

[° 021 ] Similar to capacitor CI, capacitor C2 is formed out of four 
conductive sheets 58, 60, 66, and 72. Conductive sheets 
58 and 66 are connected by contact nodes 56, 64, and 70. 
Likewise, conductive sheets 60 and 72 are connected by 
contact nodes 62, 68, and 74. Thus, layers 7-10 form ca- 
pacitor C2. Specifically, conductive sheets 58 and 66 form 
one conductor of the capacitor C2, and conductive sheets 
60 and 72 form another conductor of the capacitor C2. In 
order to shield the lowpass filter 20 from external inter- 
ference, conductive sheets 24 and 72 in layer 1 and layer 



10 are grounded in order to provide a protective ground 
layer. 

[0022] Because coils LI, L2, and L3 are connected together in se- 
ries without any grounding layer separating them, mutual 
inductance will affect effective inductance values of LI, 
L2, and L3. Therefore, LI = LI + M12 + M13, L2 = L2 

eff eff 

+ M12 + M23, and L3 = L3 + M13 + M23. With careful 

eff 

calculation, effective inductances of coils LI, L2, and L3 
can be designed to equal desired inductance values. In 
other words, with the present invention, coils LI, L2, and 
L3 can be made smaller than prior art inductors with 
identical effective inductances. For example, suppose that 
in the prior art lowpass filter 10, an inductance of LI" was 
needed. In the present invention LI = LI", and LI = 

eff eff 

LI + M12 + M13. Therefore, LI has a lower inductance 
value than LI" and can be created using less area on the 
multi-layered ceramic substrate of the lowpass filter 20. 
[0023] Compared to the prior art, the lowpass filter of the 

present invention has two main advantages. First, smaller 
inductors can be used. This allows for less area to be used 
in the multi-layered ceramic substrate to form inductors 
as well as lower conductor loss. In addition, no grounding 
layers are needed between inductors, allowing for simpler 



design of the lowpass filter. 
[0024] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



